BACKGROUND: Older patients often receive less guideline-concordant care for heart failure than younger patients. OBJECTIVE: To determine whether age differences in heart failure care are explained by patient, provider, and health system characteristics and/or by chartdocumented reasons for non-adherence to guidelines. DESIGN AND PATIENTS: Retrospective cohort study of 2,772 ambulatory veterans with heart failure and left ventricular ejection fraction <40% from a 2004 nationwide medical record review program (the VA External Peer Review Program). MAIN MEASURES: Ambulatory use of ACE inhibitors, angiotensin receptor blockers (ARBs), and beta blockers. RESULTS: Among 2,772 patients, mean age was 73 +/− 10 years, 87% received an ACE inhibitor or ARB, and 82% received a beta blocker. When patients with explicit chart-documented reasons for not receiving these drugs were excluded, 95% received an ACE inhibitor or ARB and 89% received a beta blocker. In multivariable analyses controlling for a variety of patient and health system characteristics, the adjusted odds ratio for ACE-inhibitor and ARB use was 0.43 (95% CI 0.24-0.78) for patients age 80 and over vs. those age 50-64 years, and the adjusted odds ratio for beta blocker use was 0.66 (95% CI 0.48-0.93) between the two age groups. The magnitude of these associations was similar but not statistically significant after excluding patients with chart-documented reasons for not prescribing ACE inhibitors or ARBs and beta blockers. CONCLUSIONS: A high proportion of veterans receive guideline-recommended medications for heart failure. Older veterans are consistently less likely to receive these drugs, although these differences were no longer significant when accounting for patients with chart-documented reasons for not prescribing these drugs. Closely evaluating reasons for non-prescribing in older adults is essential to assessing whether non-treatment represents good clinical judgment or missed opportunities to improve care.
INTRODUCTION
Heart failure is the most common reason for hospitalization in older adults and accounts for approximately 300,000 deaths in the United States each year. 1, 2 Because angiotensin-converting enzyme inhibitors (ACE-inhibitors), angiotensin receptor blockers (ARBs), and beta blockers have each been shown to substantially reduce mortality in adults with heart failure and reduced ejection fraction, a number of intensive efforts have been launched to increase use of these drugs in eligible patients. [3] [4] [5] [6] [7] [8] The success of these efforts is tempered by the finding that older patients are less likely to receive guideline-concordant care for heart failure. 7, 9, 10 In a number of studies in the United States and Europe, patients who were older were consistently less likely to receive beta blockers, and many (although not all) studies have found less frequent use of ACE inhibitors with advancing age. 6, 7, [11] [12] [13] [14] [15] These age differences in use of guideline-recommended medications for heart failure have important implications for the care of older adults. The SENIORS trial and subgroup analyses of other trials suggest that the benefits and tolerability of angiotensin and beta blockade extend to older adults. [16] [17] [18] [19] [20] [21] From this perspective, lower rates of guideline-recommended treatment in older adults may represent a missed opportunity. On the other hand, very limited data exist about these treatments in patients of highly advanced age, and several studies suggest that the extent of risk reduction may diminish in the upper reaches of lifespan. [16] [17] [18] [19] [20] [21] [22] [23] Moreover, older patients with heart failure more often have comorbidities that limit life expectancy, add to medication burden, and confer relative or absolute contraindications to guideline-recommended medications. 12, 14, 24, 25 Electronic supplementary material The online version of this article (doi:10.1007/s11606-011-1745-2) contains supplementary material, which is available to authorized users.
Understanding the reasons behind age differences in treatment can help differentiate the extent to which differences in treatment represent appropriate individualization of therapy or true quality gaps. Several previous studies that have evaluated age differences in heart failure care have been limited by incomplete access to potentially important confounders, particularly among studies conducted in ambulatory settings. In this study, we used clinically rich data from a nationwide cohort of veterans with heart failure to better understand differences in outpatient heart failure treatment across the age spectrum. First, we aimed to determine the association between age and outpatient use of guideline-recommended medications after controlling for a variety of clinical, demographic, health care utilization, and health system factors. Second, we aimed to evaluate whether the frequency of chart-documented reasons for not prescribing guideline-recommended drugs varied across age groups, and whether accounting for these reasons would close the age gap.
METHODS

Data Sources and Measures
We used data on veterans with heart failure from the VA's External Peer Review Program (EPRP) for 2004. EPRP is a national program of structured chart review of patients at every VA medical center and community-based outpatient clinic. EPRP samples were overweighted to include a disproportionate share of women. Patients receiving hospice care, with a documented life expectancy of less than 6 months, or a diagnosis of esophageal, pancreatic, or hepatic cancer were not sampled by EPRP. Previous studies have demonstrated high inter-rater reliability for chart abstraction, with kappa of 0.9.
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To obtain information about heart failure care, abstractors extracted information from progress notes, diagnostic test reports, nurses' notes, discharge summaries, and other areas of VA's electronic medical record. These data included whether the patient had ever received an assessment of left ventricular ejection fraction (LVEF) and the result of the most recent test. Abstractors also reviewed whether patients were currently prescribed ACE inhibitors, angiotensin receptor blockers (ARBs), and beta blockers. Among patients not receiving these drugs, reviewers were instructed to identify reasons that were explicitly documented by the clinician as a reason for non-prescribing. Due to the way the coding scheme was developed, most reasons were classified into the "other" category, thus providing limited useful information on the specific types of reasons for non-prescribing.
We merged with EPRP a variety of other VA databases. To identify comorbidities, we reviewed all outpatient encounter diagnoses and inpatient discharge diagnoses over the previous 2 years, defining a condition as present if it was encoded on two or more times during this period. 27 We used analogous methods to apply the Deyo adaptation of the Charlson comorbidity score, a validated and widely-used measure of comorbid burden. 28 Data from VA's outpatient pharmacy were used to tabulate the number of unique medications used by each patient, and laboratory data were assessed to evaluate laboratory values over the prior 2 years. U.S. census file data on median income per census tract was merged at the level of the patient's zip code. Finally, we used data from VA's Office of Academic Affiliations to determine whether each facility had an academic affiliation.
Our principal method for determining reasons for not prescribing ACE inhibitors or ARBs and beta blockers was derived from the EPRP chart review. As EPRP requires that the documenting clinician make an explicit link between a reason and the decision not to prescribe, we assessed other data sources that might explain non-prescribing of these drugs even in the absence of a clear, direct explanation by a clinician (see online Appendix). For ACE inhibitors and ARBs, these included serum creatinine >2.5 mg/dL or serum potassium >5.5 mg/dL in the past year or a diagnosis of renal artery stenosis. For beta blockers, these included a diagnosis of asthma, sick sinus syndrome, second-degree or third-degree atrioventricular block, or hospitalization for chronic obstructive pulmonary disease (with hospitalization serving as a marker of disease severity).
Analytic Plan. Among 7,659 patients with heart failure sampled by EPRP, 6,220 had documented measurement of LVEF. We restricted our sample to the 2,772 patients with documented LVEF <40%. Because use of ARBs was not assessed during the first half of the study year, we restricted our analysis of ACE inhibitor and ARB use to patients assessed during the second half of the study year.
Because EPRP's sampling strategy samples a similar number of patients in each facility regardless of facility size, patients from smaller facilities are overweighted relative to those from larger facilities. To account for this asymmetric weighting, we divided the sample into subjects who received their main care in hospital-based clinics and subjects from community-based outpatient clinics (i.e., larger vs. smaller facilities). This division resulted in relatively small numbers of patients in the community-based clinic sample. Thus, we conducted our main analyses on the hospital-based clinic group. We constructed separate logistic regression models to identify predictors of each of our two outcomes (use of beta blockers and use of ACE inhibitors or ARBs). We conducted sensitivity analyses in which we narrowed the definition of beta blocker to include only those agents specifically recommended by clinical practice guidelines (bisoprolol, carvedilol, and metoprolol succinate).
We used a two-stage approach to preserve statistical power in our multivariable analyses. First, we organized our variables into five groups (age and comorbid burden, demographics, health services utilization, academic affiliation, and medication use and specific comorbidities). Within each group, we regressed all covariates against the medication outcome. Covariates with P value <0.20 on each of the group-based analyses were then entered into a final multivariable model without any further variable selection (in addition, age and Charlson comorbidity score were forced into all of the final multivariable models).
Analyses were conducted using SAS 9.2 (SAS Institute) and STATA 10.0 and 11.2 (StataCorp). This research was approved by the institutional review boards of the San Francisco VA Medical Center and the University of California, San Francisco.
RESULTS
Use of Guideline-Recommended Medications
Of 2,772 patients with LVEF <40%, the mean (SD) age was 71 +/− 10 years, 92% (2,563) were men, and 58% (1,597) were alive after 5 years (Table 1) . Use of recommended medications was high, with 87% of patients prescribed an ACE-inhibitor or ARB and 82% prescribed a beta blocker (Fig. 1) . Use of beta blockers included 47% of patients prescribed beta blockers specifically recommended by guidelines, and 35% prescribed another type of beta blocker. Most patients not taking an ACE inhibitor or ARB were taking a beta blocker, and vice versa. Among 1,351 patients with complete data available for analysis, 12% (160) received an ACE-inhibitor or ARB but not a beta-blocker, 10% (131) received a beta-blocker but not an ACE inhibitor or ARB, and only 36 (3%) received neither type of drug.
Association Between Age, Comorbidity, and Use of Guideline-Recommended Services
Guideline adherence was higher in hospital-based clinics than in community-based clinics, including use of ACEinhibitors or ARBs (88% vs. 82%, P = 0.01) and use of beta blockers (83% vs. 76%, P = 0.001). Based on a priori Figure 1 . Use of guideline-recommended interventions among veterans with heart failure. "Chart-documented reasons" for non-prescribing comprise reasons specifically cited by the treating clinician for not prescribing an ACE inhibitor or ARB and/or beta blocker. * Complete data on use of ACE inhibitors and ARBs were only available for the third and fourth quarters of the study year. In addition, six patients were participating in a clinical trial of heart failure therapy and were excluded from the analysis of ACE-inhibitor or ARB use. Data on beta blocker use were missing for 46 patients.
decisions related to sampling methodology and sample size (as described in the methods), our main analyses of predictors of guideline adherence focused on hospital-based clinics.
Older patients were less likely to use ACE inhibitors or ARBs and beta blockers than their younger counterparts (P ≤ 0.01 for each; see Tables 2 and 3 ). In contrast, comorbid burden was not associated with receipt of ACE inhibitor or ARBs or of beta blockers (P>0.20 for each drug type).
Associations between age, comorbid burden, and receipt of guideline-recommended services were generally similar in community clinics. However, in part due to lower sample sizes no statistically significant difference in drug use across age groups was observed (P = 0.26 for ACE inhibitors or ARBs and P = 0.38 for beta blockers). There was no association between use of guideline-recommended drugs and comorbid burden (P = 0.96-0.99). Associations between age and beta blocker use were almost identical when we restricted the analysis to include only beta blockers which are specifically recommended by guidelines (bisoprolol, carvedilol, and metoprolol succinate). Compared to patients age 50-64 years, the adjusted odds ratios of receiving a guideline-recommended beta blocker was 0.93 (95% CI, 0.75-1.15) for patients age 65-79 and 0.66 (95% CI, 0.51-0.85) for patients age 80 and older (P for trend = 0.002). Table 4 ). Fewer patients not receiving beta blockers had clearly documented reasons for not receiving these medications (Fig. 1) . Among 486 patients not receiving beta blockers, 34% (165) had a reason explicitly documented in the chart for not prescribing these medications. An additional 28 patients had a clinical condition which commonly contraindicates use of these drugs. Thus, 88% of patients (2,240/2,533) who did not have an identifiable reason for avoiding beta blockers were prescribed this type of drug. Patients with advanced age or high comorbid burden were no more or less likely to have a chartdocumented reason for not prescribing beta blockers (P ≥ 0.49 for each; Table 4 ).
Finally, we repeated our analyses of the association between age, comorbid burden, and drug prescribing after excluding patients with explicit chart-documented reasons for not using our drugs of interest. Point estimates identified a similar degree of reduced use of ACE inhibitor or ARBs (OR 0.41, 95% CI 0.16-1.07), beta blockers overall (OR 0.73, 95% CI 0.48-1.10), and guideline-recommended beta blockers (OR 0.67, 95% CI 0.51-0.87) in patients age 80 years and older compared to those age 50-64 years. These associations no longer achieved statistical significance for ACE inhibitors or ARBs (P for trend = 0.07) or for beta blockers overall (P=0.12), reflecting the smaller number of outcomes available for analysis, although they were significant for guideline-recommended beta blockers (P=0.004). For comorbid burden, results were similar to our main analysis insofar as there was no significant or near-significant association between comorbid burden and use of either type of drug.
DISCUSSION
In this national study of ambulatory veterans with heart failure and reduced systolic function, 87% of subjects were prescribed an ACE inhibitor or ARB, and 82% were prescribed a beta blocker. Moreover, an additional one-third to one-half of patients not receiving these drugs had explicit documentation in the chart of reasons why they were not prescribed. On multivariable analyses, older patients were significantly less likely to receive ACE inhibitors or ARBs and beta blockers, with a substantial drop in use starting in patients age 65-79 years for ACE inhibitors/ARBs and in patients age 80 years and older for beta blockers. These age differences in drug treatment were no longer statistically significant after accounting for reasons explicitly cited by clinicians for not prescribing these drugs. However, we are unable to determine the specific reasons cited for non-prescribing and the extent to which they had clinical merit.
Our most straightforward-and perhaps most importantfinding is that across a wide range of ages the strong majority of veterans with heart failure received guideline-recommended medications. This finding is consistent with previous studies in the United States. In the inpatient setting, rates of guidelinerecommended medication use are high, with three recent national reports finding that at hospital discharge 78-85% of patients received an ACE inhibitor or ARB and 83-89% a beta blocker. [6] [7] [8] Data on heart failure care in outpatients come from a variety of settings and time frames, and show greater heterogeneity in rates of guideline adherence. Several studies have found ambulatory treatment rates of approximately 58-82% for ACE inhibitors and ARBs and approximately 43-86% for beta blockers. [29] [30] [31] [32] The relatively high rates of guidelineconcordant prescribing that we observed are consistent with reports for other conditions from VA, which have in part been attributed to VA's coordinated efforts to improve care quality, including extensive use of clinical reminders (although the type and nature of reminders, including for heart failure, varies between facilities). 26, 33 Our other main finding-that use of guideline-recommended medications for heart failure is lower in older patients-is consistent with previous research as well. 6, [11] [12] [13] [14] [15] In recent studies of prescribing at hospital discharge, older patients were approximately 6-10% less likely to receive ACE inhibitors or ARBs and 5-8% less likely to receive beta blockers. [6] [7] [8] These differences were attenuated-but for the most part did not entirely disappear-after controlling for a extensive set of potential confounders. Fewer studies have focused on age differences in care in outpatient settings in the United States. However, a number of studies from Europe have found consistently lower use of ACE-inhibitors and beta blockers in older outpatients, although many of these studies have methodologic limitations and had limited ability to account for potential confounders. 13, [34] [35] [36] Our results suggest that interpreting age differences in prescribing requires nuance. In our study, older patients had meaningfully lower rates of ACE inhibitor/ARB and beta blocker use in both absolute and relative terms, and the frequency of chart-documented reasons for not prescribing these drugs did not vary between age groups. In addition, differences in the inflection point between the drug types-with usage rates for ACE inhibitors and ARBs substantially dropping starting at age 65-79 years, and for beta blockers starting at age 80 and oldersuggest a complex relation between age and treatment decisions for different drugs, even for the same condition. After removing patients with reasons for non-treatment from the denominator, point estimates of effect size for different age groups were similar but the associations between age and use of these treatments were no longer significant. It is difficult to know whether these reasons truly account for the observed treatment differences by age, or whether the associations persisted but were undetectable due to limited sample size. The presence of a persistently significant age effect when considering only the 3 beta blockers types specifically recommended by guidelines argues for (but does not prove) the latter explanation.
The manner in which data on reasons for non-prescribing were collected makes it impossible to closely examine the distribution of these reasons and the extent to which they were clinically justifiable. However, results from other studies in the outpatient setting present a mixed picture of the clinical appropriateness of not prescribing guideline-recommended medications to older patients. In a VA-based study of an intervention to improve guideline-concordant care in heart failure, physicians commonly cited patients' inability to tolerate therapy as the reason for not following guideline recommendations. 37 In other studies, half of patients not prescribed beta blockers and two-thirds to nearly all patients not prescribed ACE inhibitors had an identifiable clinical contraindication to drug therapy. 38, 39 However, many of these clinical contraindications are relative, not absolute. Previous work has shown that most older adults, even those with relative contraindications, can tolerate these medications, yet that many clinicians cite concern over side effects to ACE inhibitors and beta blockers as major barriers to treatment. 7, 23, [40] [41] [42] Moreover, other work suggests that clinical inertia, lack of understanding of guideline recommendations and doubts about their applicability, and difficulty accessing care are substantial barriers to more complete use of these drugs.
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Our study has several important limitations. The chart review process used only the most recent test result to assess LVEF, although this measure varies over time and often improves with treatment. Nonetheless, this method is consistent with other major studies of adherence to heart failure guidelines. 6 In addition, it is unclear to what extent our findings generalize to other health care systems. However, our overall findings are consistent with those observed in other, non-VA studies. Moreover, the VA has served as a bellwether and model system for evaluating many quality issues with wide applicability. 26, 44 In summary, we found that there was a clinically important drop in prescribing rates in older age groups that was not explained by a wide variety of factors, but that these differences were more difficult to detect after accounting for reasons cited in the clinical chart for non-prescribing. Patients in the upper reaches of age are different from their younger counterparts, and unique considerations need to be evaluated in making treatment decisions for this vulnerable group. Nonetheless, given the major clinical benefits of ACE inhibitors and beta blockers for the treatment of systolic heart failure, reasons for not prescribing these drugs should be compelling and clearly documented, and further work is needed to determine whether the reasons clinicians cite for non-prescribing to older patients represent good clinical judgment or suboptimal care. This approach can account for the special circumstances of older patients while avoiding the clinical inertia, unjustified fears, and subtle ageism that can result in underuse of these valuable agents.
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